Airway epithelium is emerging as a regulator of local inflammation and immune responses.
Introduction
Not just a passive barrier, the airway epithelium is active in airway defense by releasing cytoprotective mucus, defensins and a host of lipid mediators, prostaglandins, and leukotrienes (9) . In addition, it helps to regulate local inflammation and immune responses in part through the generation of numerous cytokines and chemokines that mediate recruitment and activation of inflammatory cells (9) .
However, the regulation and activation of epithelial cells in inflammatory states are not well defined.
The cellular hallmarks of airway inflammation are the influx of inflammatory cells, the accumulation of inflammatory mediators, disruption of the epithelial layer, and the increased turnover and production of the extracellular matrix. This is often accompanied by mucus gland hypertrophy with excess mucus production and inflammatory cell infiltration in the airway walls and lumen (12) .
Interestingly, the inflammatory cells present in the airway walls are monocytes whereas in the lumen the cells are predominantly neutrophils. These neutrophils release numerous chemokines, proteases and elastases that add to the destruction and turnover of the extracellular matrix.
In fact, various extracellular matrix components, such as hyaluronan, are found in increased concentrations in bronchoalveolar fluid from patients with chronic airway inflammation and are used as a marker of inflammation (35, 42) . Hyaluronan (HA) 2 , a negatively charged high molecular weight glycosaminoglycan made up of repeating disaccharide units, is ubiquitously distributed in the extracellular matrix (24, 25) . It is a main constituent of the basement membranes in normal lungs. In vivo, at sites of inflammation, the high molecular weight HA (2-6 x 10 6 D) can be depolymerized to lower molecular weight (0.2 x 10 6 D) fragments via oxygen radicals and enzymatic degradation by hyaluronidase, -glucuronidase and hexosaminidase (24, 25, 32) . Likewise, inflammatory cytokines, such as TNF-, stimulate pulmonary fibroblasts to produce increased amounts of HA fragments (39) .
HA fragments induce the expression of a wide array of inflammatory genes such as chemokines, cytokines, metalloelastase and nitric oxide synthase in alveolar macrophages (11, (14) (15) (16) 30) .
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Chemokines play a pivotal role in immune responses by orchestrating the recruitment and activation of specific inflammatory cells to discrete areas of inflammation. Several chemokines, for instance the CXC chemokines IL-8 and IP-10, have been noted to be markedly upregulated in airway inflammation (34, 38, 41) . Although the exact role of these chemokines in airway inflammation is unclear, both appear to recruit inflammatory cells such as neutrophils (IL-8) and monocytes (IP-10) (34, 38, 41) . Potentially, the balance between these chemokines may modify the inflammatory milieu in a more pro-angiogenic (IL-8)
or anti-angiogenic (IP-10) direction that could ultimately affect the extent of the inflammation and tissue destruction (21) (22) (23) .
In this report, we demonstrate the differential induction of CXC chemokines in airway epithelial cells by HA fragments. These data provide an important functional link between the extracellular matrix and the ability of airway epithelial cells to induce inflammatory mediators. We propose that extracellular matrix fragments, generated at sites of inflammation, are not just the result of inflammation but play a key role in the perpetuation and augmentation of the inflammatory response via their interactions with the epithelial cells.
Materials and Methods
Cells and cell culture: NCI-H292 airway epithelial-like cells (derived from a human pulmonary mucoepidermoic carcinoma) and BEAS-2B bronchial epithelial cell line (derived from adenovirus 12-SV40 transformed normal human bronchial epithelium) were obtained from ATCC and maintained in RPMI with 10% FBS and 100 U/ml penicillin and 100 µg/ml streptomycin (Biofluids, Rockville, MD) at 37˚C under 5% CO 2 .
Tissue source, preparation, and culture: Human bronchial tissue was purchased from a non-profit organization that makes available for medical research organs and tissues from organ donors. Human tissue obtained in this manner and provided without personal identifiers has been determined by our institutional Committee on Human Research to be exempt from human subjects review. Bronchial airways (2-18 mm diameter) from these sources were dissected free of connective tissue and parenchyma.
Epithelial cells were prepared as previously described in detail (37) by digesting the tissues overnight at 4 o C in 0.1% protease in Ham's F-12 medium containing antibiotics. 10% FCS was added to neutralize the protease and the epithelial cells were freed from the tissue by agitation and isolated by centrifugation.
The washed cells were then seeded at a density 31.6x10 4 Electrophoretic mobility shift assays: Electrophoretic mobility shift assays (EMSA) were conducted using 6% polyacrylamide gels, as previously described (13) . NF-B and AP-1 dsDNA consensus sequences probes from Santa Cruz Biotechnicology were used for analysis. For supershift analysis nuclear extracts were simultaneously incubated with 1 µg of the indicated antibody and the labeled probe (University of Calgary, Alberta, Canada) respectively and have been previously described (2, 6).
Luciferase expression was measured using a Dual Luciferase Kit (Promega) and Zylux femtomaster FB-12 luminometer.
Statistical Analysis: Statistical analysis was performed between groups using an ANOVA factorial analysis program from Graph Pad Prism 4 (GraphPad Software). A difference between groups of p<0.05 was considered significant.
Results

HA fragments-induce IL-8 and IP-10 protein in primary human airway epithelial cells
In light of the accumulation of low molecular weight HA in inflamed airways and our previous findings showing the ability hyaluronan fragments to induce cytokines and chemokines in macrophages,
we investigated if HA fragments were able to induce inflammatory gene expression in airway epithelial cells (14, 29) . Using human airway epithelium isolated from the lungs of healthy, non-smoking organ donors, we evaluated the ability of HA fragments to induce the CXC chemokines IL-8 and IP-10.
Primary human airway epithelial cells were grown either under media or at an air-liquid interface, stimulated with HA fragments (100 µg/ml) at 37˚C, conditioned cell media was collected and ELISAs for IL-8 and IP-10 were performed. Thus, HA fragments induce IL-8 and IP-10 protein in epithelial cells in a time-and dose-dependent fashion. These data clearly establish a role for the extracellular matrix, in the form of HA fragments produced at sites of inflammation, in the up-regulation of epithelial cell chemokine production.
Induction of IL-8 and IP-10 in epithelial cells is specific to HA fragments
Previously we have found that only low molecular weight HA and not its high molecular weight precursor or other glycosaminoglycans induced inflammatory mediator expression in macrophages (14, 15, 29) . In order to determine if the induction of chemokines by epithelial cells was specific to low molecular weight HA fragments, we stimulated H292 cells with HA fragments as well as other glycosaminoglycans. 
HA fragments induce c-jun/c-fos/AP-1 and NF B p50/p65 heterodimers in airway epithelial cells
Because inhibiting MAP-kinase or NF-B activity prevented the HA fragment induced IL-8 or IP-10 respectively, we performed EMSA on nuclear extracts from H292 epithelial cells stimulated with HA fragments for 1h using a 32 P-radiolabeled DNA probes with consensus NF-B or AP-1 sites. As shown in Figure 5 , HA fragments induce the up-regulation of a protein-DNA complex that is competed away by cold consensus NF-B but not AP-1. Furthermore, supershifts with antibodies to p50 and p65 reveal that this protein contains p50/p65 NF-B heterodiamers. Of note, the p50 antibody decreases binding of the p50 to the DNA probe resulting in decreased intensity of the p50-DNA band in lieu of shifting.
Similar EMSAs were performed using a consensus AP-1 DNA probe with the same nuclear extracts. As seen in Figure 5 , HA fragments induce binding of a complex to the consensus AP-1 probe 
Loss of the AP-1 and NF-B sites on the IL-8 and IP-10 promoters respectively inhibits HA fragment induced gene expression.
In We have previously demonstrated that fragments of HA induce the expression of a wide array of inflammatory genes such as chemokines, cytokines, metalloelastase and nitric oxide synthase in alveolar macrophages (14-16, 29, 30) . In this report we extend these findings to airway epithelial cells. In macrophages, HA fragments induce steady state levels of mRNA for the chemokines MIP-1 , MIP-1 , RANTES, MCP-1, IP-10 and the cytokine TNF- (14-16, 29, 30) . In addition, fragment size is important in signaling, as fragments larger than 500K or smaller than 6 sugars do not signal (29) . As described here, these size restrictions also hold true for HA-induced stimulation of epithelial cells (Figure 3 ).
Importantly, these results are not due to LPS contamination as the H292 cells do not respond to LPS (Figure 1 ).
In terms of signaling, our previous studies have shown that HA fragments bind to an as yet defined cell surface receptor and activates the NF-B family of transcription factors (13, 33) . Numerous investigators have reported that HA may be signaling via one or more of the toll-like receptors (7, 18, 43) . an accumulation of neutrophils in the lumen and monocytes in the airway wall (12) . In addition to being chemoattractants, both IL-8 and IP-10 are thought to play a role in angiogenesis. IL-8 has been shown to be pro-angiogenic while IP-10 has angiostatic properties (21) (22) (23) . In this regard, it has been proposed that for pulmonary fibrosis, IL-8 promotes angiogenesis and subsequent fibrosis while IP-10 counteracts this effect (21) (22) (23) . In as much as the induction of IL-8 and IP-10 by HA fragments is by distinct biochemical pathways, our data suggest that MAP-kinase inhibitors might be able to mitigate inflammation by preferentially inhibiting HA fragment induced IL-8 production while allowing for the production of IP-10.
In the setting of lung injury/inflammation, extracellular matrix destruction and turnover is part of the normal repair process. With normal healing, the lower molecular weight active HA fragments generated at sites of injury are further broken down and removed allowing resolution of the inflammation.
In the case of chronic insults, we propose that the extracellular matrix is not only the target of inflammation, but that the accumulation of the lower molecular weight HA fragments serve to perpetuate 
